Background: Diagnostic guidelines for the use of 2-(fluorine 18) fluoro-2 deoxy-D-glucose (FDG)-positron emission tomography (PET) in cancer screening have yet to be established. We assessed inter-observer variability in screening FDG-PET. Methods: Subjects comprised 40 individuals who underwent FDG-PET and computed tomography (CT) for cancer screening. To assess various patterns of FDG uptakes, three subsets of the cases were selected: 'Cancer', 15 cases with cancer; 'Not malignant', 15 cases with suspected cancer by FDG-PET who were confirmed as cancer-free; and 'Normal', 10 cases without remarkable FDG uptake who were confirmed as cancer-free. A total of 68 lesions made up of malignancy (n ¼ 18), benign (n ¼ 21), and physiological FDG uptake (n ¼ 29) were interpreted by six physicians. Each observer reviewed each case three times.
INTRODUCTION
2-(fluorine 18) fluoro-2 deoxy-D-glucose (FDG)-positron emission tomography (PET) plays an important role in the detection of malignant tumors, although the effectiveness of whole-body FDG-PET imaging in cancer screening remains uncertain (1, 2) . FDG-PET scans have been performed for cancer screening in Japan on many asymptomatic individuals who had previously never been diagnosed with cancer. FDG-PET is considered to be useful for whole-body survey because it can detect cancers of various organs that any single conventional organ-specific screening test cannot cover. High detection rates for a wide variety of cancers in cancer-screening FDG-PET has been reported by Yasuda (3) and Chen (4) ; however, FDG-PET cannot be an alternative to other conventional screening tests such as physical examination, laboratory studies, mammography and thoracic computed tomography (CT), because FDG-PET analysis has obvious limitations in detecting urological cancers, cancers of low cell density, small cancers and hypometabolic or FDG-negative cancers (1, 3, 5) . Diagnostic guidelines for the use of whole-body FDG-PET imaging in cancer screening have yet to be established. Furthermore, FDG-PET may be better interpreted with reference to CT images in cancer screening, as the determination of the precise location of FDG-avid lesions using PET alone can be challenging (6) . The role of whole-body FDG-PET and CT in cancer screening is yet to be evaluated.
We surveyed a large number of cancer-screening centers in Japan in January 2005 to investigate the actual situation of cancer screening by FDG-PET. Thirty cancer-screening centers answered the questionnaire and the results were reported (data not published). The recall rate (i.e. the rate recommending diagnostic work-up due to positive findings suggesting possible cancer) varied widely from 1 to 44% betweem the centers. We hypothesized that inter-observer variation in FDG-PET interpretation for cancer screening affected clinical decisions to recommend either close examination or follow-up and caused variability in the recall rate. Inter-observer variation in FDG-PET for cancer screening is of particular interest because of the challenge involved in detecting suspected lesions, of which the incidence is very low, out of numerous cases of equivocal FDG uptake; some radiologists tend to over-diagnose FDG uptake to avoid potential false negative outcomes. Numerous investigations have shown that considerable variability exists among radiologists in the interpretation of screening tests such as mammography and thoracic CT without training or computer-aided diagnosis (7 -9) . This variability affects the diagnostic accuracy of screening studies and clinical decisions to recommend either close examination or follow-up. Herder et al. reported that inter-observer agreement of FDG-PET between clinical and final stage was good in patients with suspected lung cancer (10) . Inter-observer agreement of interpretation in relevant focal pulmonary abnormality of FDG-PET was also reported to be good by Joshi et al. (11) . To the best of our knowledge, variability in radiologists' interpretations of whole-body FDG-PET for cancer screening has yet to be examined. The purpose of the present study is to assess inter-observer variations in screening FDG-PET.
MATERIALS AND METHODS

CASE MATERIALS
FDG-PET and CT data of 40 subjects (21 male, 19 female, median age 57 years) were collected from seven cancerscreening centers in Japan and were used in this study. The scanning took place between April 2004 and March 2005; all subjects were symptom-free and underwent FDG-PET and CT on the same day for cancer screening together with other physical and laboratory tests. The 40 subjects consisted of Group 1 'Cancer', 15 true positive cases with suspected cancer by FDG-PET who were confirmed to have cancer by biopsy; Group 2 'Not malignant', 15 false positive cases with suspected cancer by FDG-PET and recommended for close examination who were confirmed as cancer-free on follow-up or biopsy; and Group 3 'Normal', 10 true negative cases who had no suspected lesion detected in FDG-PET and were confirmed to be cancer-free at 1-year follow-up. It should be noted that the number of cases in each group does not reflect the fractional occurrence of each outcome in cancer screening using FDG-PET. This study did not deal with false negative cases on PET because this is peripheral to the primary aim of assessing inter-observer variation in the interpretation of malignant lesions without remarkable FDG uptakes. Among the 15 'Cancer' subjects, primary disease involved the lung (n ¼ 3), thyroid (n ¼ 3), colon (n ¼ 2), breast (n ¼ 2), stomach (n ¼ 2), pancreas (n ¼ 1) and malignant lymphoma (n ¼ 2). These cancers are commonly detected in FDG-PET and CT during cancer screening (1, 4) .
On reviewing the 40 subjects together with all the reference data, a total of 103 lesions were identified, presenting varying intensities of FDG uptake. Thirty-five of 103 lesions that were considered true negative lesions in 'Cancer' and 'Not malignant' cases were excluded because of the absence of confirmed reference data. A final total of 68 lesions were diagnosed as malignant (n ¼ 18), benign (n ¼ 21), or physiological FDG uptake (n ¼ 29). Among the 15 'Cancer' subjects, 18 malignant lesions were detected and enrolled as true positive lesions. In the 15 'Not malignant' subjects, 13 benign lesions and five physiological uptakes were enrolled as false positive lesions. In the 10 'Normal' subjects, eight benign lesions and 24 physiological uptakes were enrolled as true negative lesions. All malignant lesions and seven benign lesions were confirmed on biopsy. At 1 year after FDG-PET, 14 benign lesions and 29 physiological uptakes were confirmed as stable or diminished in uptake. In the present study, we examine the interpretations of these 68 lesions made by each physician. We obtained a whole-body PET image from the head to the thigh using a PET or PET/CT scanner at 50 -60 min following the injection of 300 -450 MBq of FDG. Transmission images were obtained to correct for photon attenuation using a germanium-68 line source. For PET/CT, PET attenuation
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Inter-observer variations in FDG-PET correction factors were calculated from the CT images. We reconstructed image datasets using the ordered-subsets expectation maximization algorithm. We acquired a whole-body CT image from the head to the pelvis without intravenous contrast agent using a CT scanner or PET/CT scanner. The CT scanners and technical parameters were as follows: (i) Robusto (Hitachi Medico, Tokyo, Japan) multidetector four row CT, 120 kVp, 100 -160 mAs, beam pitch 1.75 and 10 mm thickness; (ii) Light Speed Ultra (GE Medical Systems, Tokyo, Japan) multi-detector eight row CT, 120 kVp, 175 mAs maximum with automatic exposure control system, 1. The PET/CT images were divided into PET and CT images, which were interpreted by side-by-side reading.
OBSERVING RADIOLOGISTS
FDG-PET and CT data were interpreted by six physicians with experience in both FDG-PET and CT, but who had not previously seen the study cases. The six observers were based at the six different cancer-screening centers with various recall rates from 1 to 44% [1, 10, 12, 23, 35, 44] that were mentioned in the introduction; each observer had between 4 and 10 years experience in reading screening FDG-PET.
IMAGE INTERPRETATION
Each observer reviewed each case in three steps.
Step 1 involved interpretation of PET images alone, Step 2 involved side-by-side reading of PET and CT, and Step 3 involved re-evaluation of findings with reference to past history, smoking and drinking habits, and the results of other screening tests performed at the same time such as blood tests, fecal occult blood inspection and other imaging modalities that included magnetic resonance (MR) imaging for lower abdomen assessment and ultrasonography (US) for upper abdomen and thyroid gland assessment. In Step 2, each observer interpreted PET and CT by side-by-side reading without using fusion images. Findings of FDG uptake in each step were recorded as site and score depending on the likelihood of malignancy (1 -5 points: 1, definitely not malignant; 2, probably not malignant; 3, equivocal; 4, probably malignant; 5, definitely malignant).
Each observer gave a score rating for every lesion that he/ she considered to represent remarkable FDG uptake in each case. We analyzed each observer's interpretation of the 68 lesions that had been identified in advance as having confirmed reference data. Any of the 68 lesions that were not recognized by the observer as remarkable FDG uptake were given a score of 1 (definitely not malignant). Any lesions that were detected other than the 68 previously mentioned were excluded from analysis because of the absence of confirmed reference data.
All images were viewed with the same software using Synapse, medical imaging and information management network system, housed at the Fujifilm's demonstration showroom in Ginza, Tokyo, Japan.
DATA ANALYSES
We assessed observer accuracy and variation using the scores given by each observer based on the relevant lesion. Sensitivity, specificity and positive predictive value (PPV) data were calculated from the interpretations of the six observers for each step. Receiver-operating characteristic (ROC) analysis was also performed as the standard method for evaluating observer accuracy, as sensitivity and specificity offer an incomplete description of accuracy and depend on the decision threshold selected by the observer to define positive diagnoses. The area under the ROC curve (Az) was used as a summary index of accuracy. Sensitivity for malignancy was calculated as the proportion of malignancies given a rating of 3 -5. Specificity was defined as the fraction of benign lesions or physiological FDG uptakes for which a rating of 1 -2 was reported. Inter-observer agreement in 68 lesions on the likelihood of malignancy (1 -5 points) for each step was also assessed using the k statistic.
STATISTICAL ANALYSIS
The Wilcoxon matched pairs signed rank sum test was applied to the sensitivity, specificity, and PPV means for each step to test for significant differences. Values of P , 0.05 were considered indicative of statistically significant differences. We calculated weighted k values to describe concordance in reporting as 'slight' (0.00 -0.20), 'fair' (0.21 -0.40), 'moderate' (0.41 -0.60), 'substantial' (0.61 -0.80), or 'almost perfect' (0.81 -1.00) (12, 13) . We conducted all analyses using MedCalc for Windows, version 7.6.0.0 (MedCalc Software, Mariakerke, Belgium), except for ROC analysis, which was performed using the software ROCKIT (C. Metz, University of Chicago, Chicago, IL, USA). ROC software was used to fit a binormal ROC curve Jpn J Clin Oncol 2007;37 (8) 617
to the data from each observer and to compare Az for each pair using a univariate z-score test (14) .
RESULTS
DIAGNOSTIC ACCURACY OF EACH OBSERVER
A summary of ROC curves obtained from interpretation in
Step 1 using PET alone is shown in Fig. 1 . Az values did not differ significantly between the six observers for each step. The means and dispersion of sensitivity, specificity, PPV and Az are shown in Table 1 . Although Az values did not differ significantly, sensitivity, specificity and PPV varied widely between the observers.
EFFECT OF REFERENCE TO CT ON DIAGNOSTIC ACCURACY
The mean specificity increased significantly when observers referred to CT (P , 0.05), although sensitivity, PPV and Az did not change significantly (Table 1) .
VARIABILITY IN INTERPRETATION
The mean k value and the strength of inter-observer agreement for each step are shown in Table 2 . Interobserver agreement for all lesions in each step was moderate (k ¼ 0.58 for Step 1; k ¼ 0.55 for Step 2; and k ¼ 0.53 for
Step 3). Inter-observer agreement was higher for 'Cancer' and 'Not malignant' lesions than for 'Normal' lesions for each step (moderate versus fair).
Although the k values for each group in Step 1 were higher than those in Steps 2 and 3, the differences were not statistically significant. The k values of 'Cancer' and 'Not malignant' lesions in Step 2 were higher than those in Step 3; however, the differences were not statistically significant.
PATTERNS OF FDG UPTAKE WITH POOR AGREEMENT
In assessing inter-observer agreement for each organ, we determined the organs that were interpreted with difficultly by PET alone. The numbers of sites presenting poor or good agreement in each organ for the 68 lesions in Step 1 using PET alone are shown in Tables 3-5 . Lesions for which fewer than five observers agreed in diagnosis were considered as poor agreement, while lesions for which five or six observers agreed in diagnosis were considered as good agreement.
FDG uptakes in the 'Normal' 32 true negative lesions that presented poor agreement included nine physiological uptakes in the larynx, mediastinum, intestine and ovary, and four benign lesions in the thyroid, neck, lung and uterus (Table 3 ). The case with physiological FDG uptake in the ascending colon is shown in Fig. 2 .
FDG uptakes in the 18 'Cancer' true positive lesions that presented poor agreement included 10 malignant lesions in the thyroid, hilum, breast, colon and stomach (Table 4) .
FDG uptakes in the 18 'Not malignant' false negative lesions that presented poor agreement included eight benign lesions in the thyroid, lung, colon and joint, and four physiological uptakes in the hilum, intestine and ovary (Table 5) .
DISCUSSION
DIAGNOSTIC ACCURACY OF EACH OBSERVER
We assessed observer accuracy using the scores representing a rating on the likelihood of malignancy for 68 lesions by each observer. No significant differences were identified for any step in Az of the six observers. Wide variation in sensitivity, specificity and PPV detected between observers was caused by differing decision thresholds during interpretation. Selection of different thresholds does not cause Az to vary, as an ROC curve depicts all of the tradeoffs available as the threshold is varied. Therefore, variability of the decision threshold between observers exists where no significant differences were identified in diagnostic accuracy as quantified with Az. That is, the scores given for each lesion could vary between the six observers even though there were no significant differences in diagnostic accuracy indicated by Az. 
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Inter-observer variations in FDG-PET
EFFECT OF REFERENCE TO CT ON DIAGNOSTIC ACCURACY
We defined sensitivity as the proportion of malignancies given a rating of 3 -5 and specificity as the fraction of benign lesions or physiological FDG uptakes given a rating of 1 -2. This classification has critical meaning, therefore, Az has less value when comparing test performance between Steps 1 to 3. The mean specificity increased significantly in this study when observers referred to CT. Chen et al. also reported that additional CT for localization and lesion characterization showed an increased specificity of PET for cancer screening in asymptomatic individuals (4) . In the present study, however, mean sensitivity and PPV did not change significantly when observers referred to CT. Several investigators report that the combination of FDG-PET and CT significantly improves diagnostic accuracy in the diagnosis of malignancy (15 -17) . The fact that the present results demonstrate no improvement in sensitivity and PPV may be due to selection bias: the present study did not include false negative lesions of PET that are recognized in CT. Sensitivity on general FDG-PET screening may be improved when observers refer to CT, given the inclusion of CT positive lesions that are without remarkable FDG uptakes such as bronchioloalveolar lung carcinoma (18) .
VARIABILITY IN INTERPRETATION
We assessed inter-observer agreement on the scores for likelihood of malignancy (1 -5 points) in 68 lesions. The 68 lesions that presented varying intensities of FDG uptake were founded in whole-body FDG-PET performed for cancer screening of 40 asymptomatic individuals. Inter-observer agreement for all lesions in each step was moderate. Berg et al. reported that inter-observer agreement Table 2 . Mean k value and strength of inter-observer agreement for the likelihood of malignancy of 68 FDG-avid lesions in 40 cases
Step 1
Step 2
Step 3 'Normal': 32 true negative lesions that were not suspected malignant in FDG-PET cancer screening and were confirmed as physiological uptakes or benign lesions after 1 year. 'Cancer': 18 true positive lesions that were suspected malignant in FDG-PET screening and were later diagnosed as malignant lesions. 'Not malignant': 18 false positive lesions that were suspected malignant in FDG-PET screening and were later diagnosed as benign lesions or physiological uptakes. Table 1 . Mean (range of six observers) sensitivity, specificity, PPV and Az of FDG-PET cancer screening based on lesions
Step 3 PET, positron emission tomography; CT, computed tomography; PPV, positive predictive value. *Mean specificity of PET þ CT and PET þ CT þ Other information was higher than that of PET alone (Wilcoxon matched pairs signed rank sum test, P , 0.05). **Az, area under curve in ROC.
Jpn J Clin Oncol 2007;37(8) 619
among radiologists on mammogram screening after training in Breast Imaging Reporting and Data System was moderate (9) . Our results suggest that interpretation of FDG-PET in cancer screening is adequately reproducible as a whole. Inter-observer agreement for all lesions at each step was moderate, compared to fair agreement for 'Normal' subjects. The higher prevalence of malignant lesions (18/68) means that the set used in this study was not strictly representative of FDG-PET within the general screening population. Inter-observer agreement on general FDG-PET screening might normally be lower, given the inclusion of a larger number of normal healthy subjects. Low inter-observer agreement may cause the marked variability in recall rate among the institutions that perform screening FDG-PET.
Inter-observer agreement was lower for 'Normal' lesions than for 'Cancer' and 'Not malignant' lesions for each step (fair versus moderate). Since sensitivity are calculated based on the data for 'Cancer' and specificity are based on those for 'Not malignant' and 'Normal', inter-observer variation observed for 'Cancer' and 'Not malignant and Normal' are corresponding to variability in sensitivity and specificity between observers (58.0 -74.0, 72.2 -83.3 in Step 1, respectively).
Inter-observer agreement decreased when observers referred to CT, however, the differences were not statistically (20) . By precisely localizing FDG uptakes, interpretation of image fusion by integrated PET/CT might offer higher inter-observer agreement in comparison to interpretation of PET images alone or side-by-side interpretation of PET and CT images. Although inter-observer agreement of 'Cancer' and 'Not malignant' lesions decreased when observers referred to other information, the differences were not statistically significant. In cancer screening, positive lesions are eventually recommended for diagnostic work-up or observation with close follow-up. The clinical recommendation is determined by evaluation of the PET and CT findings with reference to past history, smoking and drinking habits, and results of other screening tests. Correlative interpretation of PET, CT and other information may need to be standardized to achieve greater agreement in subjects with suspected cancer by FDG-PET.
PATTERNS OF FDG UPTAKE WITH POOR AGREEMENT
We evaluated the organs that were most difficult to interpret by PET alone. Some observers tended to over-diagnose FDG uptake to avoid potential false negative outcome, while others did not pick up suspected lesions in 'Normal' subjects. Physiological FDG uptake is recognized at various sites in various degrees. A focal intense uptake in intestine mimics FDG uptake of colon tumor as shown in Fig. 1 . Reporting criteria for various patterns of FDG uptakes in intestine differed between observers. For higher agreement on results for the 'Normal' 32 true negative lesions in FDG-PET, interpretation of physiological FDG uptake for the larynx, mediastinum, intestine and ovary should be standardized.
Various FDG uptakes in goiter, pneumonia, colon adenoma and arthritis confound image interpretation of FDG-PET and act to reduce inter-observer agreement. Interpretation of FDG-avid lesions in the thyroid, lung, hilum, breast, colon, stomach and ovary may require standardization for higher agreement in 'Cancer' and 'Not malignant' subjects.
CONCLUSIONS
Our results suggest that interpretation of FDG-PET in cancer screening is adequately reproducible, whereas interpretation of physiological FDG uptake in 'Normal' subjects is less reproducible. Improvement of inter-observer variability in assessing physiological FDG uptakes requires universal reporting criteria in FDG-PET. Furthermore, correlative interpretation of PET, CT and other information may require standardization in subjects with suspected cancer by FDG-PET.
